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Ò ÅgN?fhNDX7L§`;mVK [ `;m5fhNDX t KM]oN�} � |������ÔenX c rk`;agNEP
f�ÅgN t,c [;[ c ^.`;m Ç ] c L§LÆKMmVaVPDØ
£ �{� ¦

¬ªÍk`;f4f�ÅgN¥P�`;LÄZ [ KYf c XAS
¢�£K¡K§ËÊ ª��.« £7ÊQ.NEKMarÌ-lJk cMt KMP�P�NEL¥Ð [ s [ KMm Ç ZVK Ç NÕ] c L§LÆKMmVaVP�`;m5f c ikÂ � xÂ¨þP�LONEL c X�sMS �0t f�ÅgN�Î [ N�ÅVKMP�K [ X�NEKMags

Ð¯NDNEmyX�NEKMa`;m5f c igÂ � x�} f�ÅgN�Phs�P�fhNEL PGÅ c Z [ a¢Ð N�] [ NEKYX�NEaÍ}óPhNDN ¢�£ ��xf� ¦ � ¡ «��o® £ }nÐ N [ c ^+� c X Ç [ c ÐnK [P�s�L�Ð c [ P
^.` [;[ Ð¯NTLÄZ [ f�`le [ s§agNoÎFmgNEa©S
«Kz ¡K§ËÊ ª��.« £7Êiks�m c m5skL t,c X ¢�£:¡.§ S
¢.¥ xÏÎ ¡.§:§K¢�Ðikf�KYX�f�XGZVmVmV`ºm Ç KyeVX cMÇ XGKML¸S �(t f�ÅgN c eVf�` c mVK [ KMaVagXGNEP�P�maiaios`;PÄeVX c r�`;aVNEa©}%f�ÅgNÏeVX cMÇ XGKML P�f�KYX�f�P

KYf�f�ÅVKYfOKMaVaVX�NEP�PDS�Újf�ÅgNDXG^.`;PhNM}%f�ÅgN�eVX cMÇ X7KML P�f�KYX�f�POKYf�f�ÅgN Ç [ c ÐnK [ PhskL¥Ð c [ � ¦�¡a¢:¦ } ^.Ån`;]GÅÌ`;P
aVNoÎFmgNEa�Ð5sÜf�ÅgN?agN t KMZ [ fdfhXGKYe¸ÅVKMmVa [ NDXÔf c ]DK [;[ f�ÅgN�X c ZVf�`;mgN�KYfdf�ÅVN Ç [ c ÐnK [ PhskL¥Ð c [ � ¡ ��x�^.`lf�Å�f�ÅgNZnP�ZVK [ x � Â
iÏ]DK [;[ `;m Ç ] c m5rMNEm5f�` c m©S
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� ¦�£ |ÏÎ0Ñ ÐikfhNDe¸f�ÅgNTeVX cMÇ XGKML t°c X+ÒÓ}óaVN t KMZ [ fDØ z �
`;mVPhfhX7ZV]of�` c mVPDS%Â�XG`;m5f
`ºmVPhfhXGZV]of�` c mVP
KMP�f�ÅgNDsÏNoÍkNE]DZgfhNMS
² zox ¦ ��x ¥{£b
c mCf�`;m�ZgN?eVX cMÇ XGKML NoÍkNE]DZgf�` c m¸^R`lf�Å c Zgf4PhfhNDeVeF`;m Ç S
| ¢ ��x ¦ÕÔ ÑÂ�XG`;m5f4X�N Ç `;PhfhNDXÖÒµS
| ¢ ��x ¦ÕÔ ªKÑÂ�XG`;m5fØ× c KYf�`;m Ç e c `;m5f
X�N Ç `;PhfhNDXÙÒµS
| ¢ ��x ¦Ú¡K§:§.¢Â�XG`;m5f4f�ÅgNT] c m5fhNEmCf�P cMt LONEL c X�sÏKYf.KMaVagXGNEP�P]maiai0s5S
| ¢ ��x ¦ ��Û �Â�XG`;m5f�f�ÅVN¸] c mCfhNEm5f�P cMt f�ÅgN¸PhskL¥Ð c [ f�KYÐ [ NM}Ô`®S_NMSl}�f�ÅgNÕKMaVagXGNEP�PhNEP cMt f�ÅVN Ç [ c ÐnK [ }°ÐnZgfOm c f [ c ]DK [ �

P�s�L�Ð c [ PDS
¢�£ ��x�� ¦ � ¡ «��0® £b [ NEKYX�f�ÅgN¥L§NEL c X�sÏKMmVaÕX�N Ç `;P�fhNDXGPDS
 �¢�£:¡0³ |�z���x ¦µ¡K§K§K¢ikNDfdK¥ÐVX�NEKYÓ�e c `ºmCf�KYf
KMaVagXGNEP�P�mai.ios5SÖmaiaios�]DKMmÜÐ¯N�NE`;f�ÅgNDXdK�LONEL c X�s§KManagX�NEP�P c XdP�s�L�Ð c [ `;] [ KYÐ¯N [ S
§�£ « £a¦�£µ¡K§K§K¢pjN [ NDfhNÄK [;[ ÐVX�NEKYÓ�e c `;m5f�P4KYf.KMaVagX�NEPGP]maiaios�S
«�� � ¦ UW`;Phf�K [;[ ÐnX�NEKYÓ5e c `;m5f�PDS

Ü Q.NEPhf cMt [ `;mVNj`;P.KMm¸KMP�PhNEL�Ð [ sÏ`;mVPhfhX7ZV]of�` c m�f�ÅVKYf.`;P.Phf c X�NEa¸`;mÕL§NEL c X�sMS
Îox�« Ð �ømgND^ [ `;mgNjX�NDNoÍkNE]DZgfhNEP.enX�NDr�` c ZVP4] c L§L§KMmVa~S
Ý

Â�XG`;m5f�KOÅgN [ e¸LONEPGP�K Ç NMS
x c Phf�] c L§L§KMmVaVP�]DKMm�Ð¯NÆKYÐnÐVX�NDrk`;KYfhNEa¹f c f�ÅgNE`lX�ZnmV`;×�ZgN�eVX�NoÎVÍµNMS Ç Sl} £ �n} ¢�£ }"«V} ¢a¥ } � }�|¯SÕx c X�N

aVKMm Ç NDX c ZVP�] c L§L§KMmnaVPD}VP�ZV]7Å¸KMP ¢�£ ��xf� ¦ � ¡ «��o® £ }CX�NE×�ZV`lX�N?K [ c m Ç NDX�eVX�NoÎnÍ S
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Ò ÅgNRà rMNDXGP�` c m cMt igÂ � x�}�� � |f�A� } [ c�c ÓkPÔaV`Gå NDX�NEm5fD}�ÐnZgfÔPGÅ c Z [ a c e NDX7KYfhNj`;mÜf�ÅgN�P�KMLON�L§KMmVmgNDX
KMP � |f���~S
Ò ÅgN4à ^.`ºmVa c ^ ÅnKMP%ÎnrMN�eFKMmgNEP�}óPhNDNRÞv` Ç ZgX�N z �7S Ò ÅVN4f c eÆenKMmgNRaV`;Phe [ KEskPWf�ÅVN.] c mCfhNEm5f�P cMt f�ÅgN�X�N Ç `;P�fhNDXGPDS
� f�`;P�] c m5f�`;m5ZnK [;[ sÜZVe¯anKYfhNEa©}kNoÍk]oNDeVfR^.ÅV` [ NjKOenX cMÇ XGKML `;P
X7ZVmVmV`;m Ç S

Ò ÅVNTmgNoÍ�f.enKMmgNT] c m5f�KM`;mVP4f�ÅgN¥ÐnZgfhf c mVP4f�ÅnKYf.] c mCfhX c [ f�ÅgN¥P�`ºL�Z [ KYf c XEØ
æ7ç ÁEÇ
¬ªÍk`;f t X c L f�ÅgNTP�`;LÄZ [ KYf c XES
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PC    = 00000000  EPC  = 00000000  Cause  = 0000000  BadVaddr = 00000000
Status= 00000000  HI   = 00000000  LO     = 0000000

R0 (r0) = 00000000  R8  (t0) = 00000000  R16 (s0) = 0000000  R24 (t8) = 00000000
R1 (at) = 00000000  R9  (t1) = 00000000  R17 (s1) = 0000000  R25 (s9) = 00000000
R2 (v0) = 00000000  R10 (t2) = 00000000  R18 (s2) = 0000000  R26 (k0) = 00000000
R3 (v1) = 00000000  R11 (t3) = 00000000  R19 (s3) = 0000000  R27 (k1) = 00000000
R4 (a0) = 00000000  R12 (t4) = 00000000  R20 (s4) = 0000000  R28 (gp) = 00000000
R5 (a1) = 00000000  R13 (t5) = 00000000  R21 (s5) = 0000000  R29 (gp) = 00000000
R6 (a2) = 00000000  R14 (t6) = 00000000  R22 (s6) = 0000000  R30 (s8) = 00000000
R7 (a3) = 00000000  R15 (t7) = 00000000  R23 (s7) = 0000000  R31 (ra) = 00000000

FP0     = 0.000000  FP8      = 0.000000  FP16     = 0.00000  FP24     = 0.000000

FP6     = 0.000000  FP14     = 0.000000  FP22     = 0.00000  FP30     = 0.000000
FP4     = 0.000000  FP12     = 0.000000  FP20     = 0.00000  FP28     = 0.000000
FP2     = 0.000000  FP10     = 0.000000  FP18     = 0.00000  FP26     = 0.000000

quit load run step clear set value

print breakpt help terminal mode

SPIM Version 3.2 of January 14, 1990

Text Segments

xspim

Register
Display

Control
Buttons

User and
Kernel
Text
Segments

SPIM
Messages

General Registers

Double Floating Point Registers

Single Floating Point Registers

Data Segments

Data and
Stack
Segments

[0x00400000] 0x8fa40000 lw R4, 0(R29)  []
[0x00400004] 0x27a50004 addiu R5, R29, 4 []
[0x00400008] 0x24a60004 addiu R6, R5, 4 []
[0x0040000c] 0x00041090 sll R2, R4, 2
[0x00400010] 0x00c23021 addu R6, R6, R2
[0x00400014] 0x0c000000 jal 0x00000000 []
[0x00400018] 0x3402000a ori R0, R0, 10 []
[0x0040001c] 0x0000000c syscall

[0x10000000]...[0x10010000] 0x00000000
[0x10010004]  0x74706563  0x206e6f69  0x636f2000
[0x10010010]  0x72727563  0x61206465  0x6920646e  0x726f6e67
[0x10010020]  0x000a6465  0x495b2020  0x7265746e  0x74707572
[0x10010030]  0x0000205d  0x20200000  0x616e555b  0x6e67696c
[0x10010040]  0x61206465  0x65726464  0x69207373  0x6e69206e
[0x10010050]  0x642f7473  0x20617461  0x63746566  0x00205d68
[0x10010060]  0x555b2020  0x696c616e  0x64656e67  0x64646120
[0x10010070]  0x73736572  0x206e6920  0x726f7473  0x00205d65

Þ ` Ç ZgX�N z Øªà � ^.`;mna c ^ `ºmCfhNDX t KM]oNTf c igÂ � x�S
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Q.NEKMa¢K§P c ZgXG]oN�Î [ NT`ºmCf c LONEL c X�sMS
¿ ç Ã
ikf�KYX�f�f�ÅgN?eVX cMÇ XGKML XGZnmVmV`;m Ç S
é Ç�½Kê
ig`;m Ç [ N � PhfhNDeÕf�ÅVX c Z Ç Å¸KOenX cMÇ XGKMLÕS
ÉKÅE½:Ä{¿
Q.NE`;mV`lf�`ºK [ `G¯DNjX�N Ç `;PhfhNDXGP c XRLONEL c XGsMS
é ½.Ç�ë�Ä�Å ç ½ikNDf�f�ÅgN?rYK [ ZgNT`;mÕKOXGN Ç `;PhfhNDX c XjLONEL c X�s [ c ]DKYf�` c m©S
ê�¿oÁ�Ã�Ç
Â�XG`;m5f4f�ÅgN?rYK [ ZgNT`;mÕKOXGN Ç `;PhfhNDX c X.L§NEL c X�s [ c ]DKYf�` c m©S
ì ¿�½KÄ{í5ê
âvÁ3Ã�Ç
ikNDf c X.agN [ NDfhN�KOÐVX�NEKYÓ�e c `;mCf c X [ `;Phf4K [;[ ÐVXGNEKYÓ5e c `;m5f�PDS
î ½�ÅEê
Â�XG`;m5f�KOÅgN [ e¸LONEPGP�K Ç NMS
Ç�½K¿oÀÂÁ3Ã�Ä�Å
QRKM`;PhN c XjÅV`;agN�f�ÅgNT] c mVP c [ NT^.`;mna c ^TS
ÀÂâ5á�½
ikNDfjikÂ � x c e NDX7KYf�`;m Ç L c agNEPDS

Ò ÅVNTmgNoÍ�f4f(^ c enKMmgNEP�an`;Phe [ KAs§f�ÅgN¥L§NEL c X�sÏ] c mCfhNEm5f�PDS Ò ÅgN?f c e c mgN¥PGÅ c ^.P.`;mVPhfhXGZn]of�` c mVP t X c L f�ÅgN
ZVPhNDXRKMmVaÕÓMNDXGmgN [ fhNoÍ�f.P�N Ç LONEmCf�PES&ï Ò ÅgN�ÎFXGPhf t ND^ `;mVPhfhX7ZV]of�` c mVP4`;mÏf�ÅVN?fhNoÍ�fjPhN Ç LONEm5fRKYX�N¥P�f�KYX�f�Zge¢] c agN
} � ¦�¡.¢K¦ ��f�ÅVKYf [ c KMaVP ¡a¢�{² KMmVa ¡.¢:Kð `ºmCf c XGN Ç `;PhfhNDXGP�KMmna¸`;m5r c ÓMNEP�f�ÅgNc� ¡ ��xÕX c Zgf�`;mgNMS

Ò ÅVN [ c ^ÔNDX cMt f�ÅgNEPhNjf9^ c enKMmgNEPdaV`;Phe [ KEskPªf�ÅgNjaVKYf�K�KMmnaÜPhf�KM]GÓÜPhN Ç L§NEmCf�PDS�N c f�Å�enKMmVNEPÔKYX�NjZge©aVKYfhNEa
KMP.K�enX cMÇ XGKML NoÍkNE]DZgfhNEPDS

Ò ÅVN.Ð c fhf c L enKMmgNR`ºPÔZVP�NEaÆf c aV`;Phe [ KEsOLONEP�PGK Ç NEP t X c LÛf�ÅgN�P�`;LÄZ [ KYf c XES � fda c NEPdm c fdan`;Phe [ KAs c ZVfhenZgf
t X c L KMm NoÍkNE]DZgf�`;m Ç eVX cMÇ XGKMLÕS u ÅVNEm KµeVX cMÇ X7KML X�NEKMaVP c X§^�XG`lfhNEPE}d`lf�P � Ú KYene NEKYX7P§`;m K¹PhNDeFKYXGKYfhN
^.`;mna c ^T}g]DK [;[ NEaÕf�ÅgN bdc mVP c [ NM}g^.ÅV`;]7ÅÏe c enP�ZgeÕ^.ÅVNEmÕmgNDNEagNEa©S
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bdc L§L§NEmCf�P
`;mÜKMP�PhNEL�Ð [ NDXdÎ [ NEP�Ð N Ç `ºmÆ^.`;f�ÅÆK�P�ÅVKYX�e � P�` Ç m }����7S-¬ªrMNDXGs5f�ÅV`ºm Ç¥t X c LÛf�ÅgNjPGÅVKYX�e � P�` Ç m§f c f�ÅgN
NEmVa cMt f�ÅgN [ `;mgN?`;P4` Ç m c XGNEa©S
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`ºmVPhfhXGZV]of�` c mVP c X¥^ c XGaVP }óPhNDN�f�ÅgN Ü�� z ¢:§ aV`;X�NE]of�`lrMN§Ð¯N [ c ^+�7S �0t f�ÅgN c enf�` c mVK [ KYX Ç ZVLONEm5f maiai0s¢`;P
enX�NEPhNEm5fD}Vf�ÅgN¥`lfhNELÆP4KYX�N¥Phf c X�NEa¢Ð¯N Ç `;mVmV`;m Ç KYf.KMaVaVX�NEP�P]mai.ios5S

Ü�� z ¢:§ � �� ÜKÜ:Ü  � xikf c X�NTf�ÅgN�� � {<� Ðn`;f.×5ZnKMmCf�`lf�`;NEP�`;mÕP�ZV]D]oNEPGP�`lrMNTLONEL c XGs�^ c XGaVPES
ikÂ � x a c NEP�m c f.aV`ºPhf�`;m Ç ZV`ºP�Å§rYKYXG` c ZVP
eFKYX�f�P cMt f�ÅgN¥aVKYf�KÆPhN Ç LONEm5f·} Ü §�¡.¦�¡ } Ü ¢�§�¡a¦�¡ }gKMmVa Ü � §:¡.¦�¡ �7S

O5Prq Q�ÿ-ó�X0h�S s�W5VIV8ó
ikÂ � x eVX c rk`;agNEP.K�P�L§K [º[ PhNDf cMt%c e NDX7KYf�`;m Ç � PhskPhfhNEL � [ `;ÓMN�PhNDX�rk`;]oNEPRf�ÅgX c Z Ç Å²f�ÅgNÄPhs�P�fhNEL ]DK [º[ } ��Ûv� ²0¡ «:«K�`;mVP�fhXGZV]of�` c m©S Ò c X�NE×�ZgNEPhfªK�PhNDXGr�`;]oNM}5K�eVX cMÇ XGKML [ c KManP f�ÅgN4Phs�P�fhNEL�]DK [;[ ] c aVN]}óPhNDN Ò KYÐ [ N z �v`;mCf c X�N Ç `ºPhfhNDX
Ôað�¶ KMmVaÆf�ÅgN�KYX Ç ZVLONEm5f�P
`;mCf c X�N Ç `;PhfhNDX7P ÔK¡K¶ut8t8t ÔK¡wv } c X Ô ª �o´ t,c X�× c KYf�`;m Ç e c `;m5fªr*K [ ZgNEP��7SÔi�skPhfhNEL ]DK [;[ P
f�ÅVKYf X�NDf�ZgX7m¥rYK [ ZgNEPvenZgfvf�ÅgNE`lXvX�NEP�Z [ fv`ºm¥X�N Ç `ºPhfhNDX Ô0ð�¶ } c X Ô ª ¶ t°c X�× c KYf�`;m Ç e c `;m5f X�NEP�Z [ f�P��7S Þ c X%NoÍkKML§e [ NM}f c eVX7`;mCfyx ¦ � £µ¡ x � � £a¢{z}|Y~ }nZVP�N?f�ÅgNT] c L§L§KMmVanPDØ

Ü §�¡a¦�¡
� ¦K¢ � Ü ¡ � ² �K�0® Ê	¦ � £�¡ x � � £a¢�z Ê

Ü ¦�£ � ¦

�



Registers
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FPU (Coprocessor 1)

BadVAddr
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Coprocessor 0 (Traps and Memory)

Registers
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.
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Unit

CPU
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Divide

Lo Hi

Memory

Þ ` Ç ZgXGN { Ø�x � ÂdiÕQ {Y|M|M| b Â�q KMmVa¸Þ Â�q

«�� Ôað�¶��� � ��Û�� ¦�£ � ²0¡ «K« ² z §�£ ª�z ¢ | ¢ ��x ¦P� � ¦:¢
« ¡[ÔK¡K¶� � ¦:¢ � ¡.§:§K¢�£ �K� zKª � ¦:¢ ��x �¦ z | ¢ ��x ¦
��Û�� ²a¡ «:« ��| ¢ ��x ¦ ¦ � £ � ¦K¢ ��x 

«�� Ôað�¶��� � ��Û�� ¦�£ � ²0¡ «K« ² z §�£ ª�z ¢ | ¢ ��x ¦P� ��x ¦
«�� ÔK¡K¶��| �Ï��x ¦�£.�£a¢�¦ z | ¢ ��x ¦
��Û�� ²a¡ «:« ��| ¢ ��x ¦ � ¦
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¡0  � Ü � q � §�£ � ¦�Fq �f� ¢v² [-lG��m0�3��tK�-xc�o��t�� � q	�M�0l ���8k��{mol ��k ; �Et:�0lJkbdc LOeFZgfhNTf�ÅgN¥KYÐFP c [ ZgfhNTrYK [ ZgN cMt f�ÅVN�× c KYf�`;m Ç × c KYfRa c ZgÐ [ N }óP�`ºm Ç [ N��d`;mÕXGN Ç `;PhfhNDX q �f� ¢v² KMmna¸enZgf�`;f.`;m
X�N Ç `;P�fhNDX q � §�£ � ¦ S

¡K§K§ Ü §wq � §�£ � ¦�Fq �f� ¢v²���Fq ��� ¢�².´ [-lG��m0�3��tK�-xc�o��t�� � iaio�3�3�>�ot����o��qMlJk
¡K§K§ Ü � q � §�£ � ¦�Fq �f� ¢v²���Fq ��� ¢�².´ [
lG��m0�3��tK�-xc�o�Etv� � iaio�3�3�3�0t ; �Et:�0lJkbdc LOeFZgfhNRf�ÅVNjP�ZnL cMt f�ÅVNc× c KYf�`ºm Ç × c KYf
a c ZgÐ [ NEP+}óP�`;m Ç [ NEP	�%`;mÜX�N Ç `;PhfhNDX7P q ��� ¢v²P� KMmVa q ��� ¢�².´ KMmVa�enZgf`lf�`;mÏXGN Ç `;PhfhNDX q � §�£ � ¦ S

² Ü £K¤ Ü §wq �f� ¢�²���Fq ��� ¢v²a´ W"�o����mos�k1BDC��{moly���o��qMlJk
² Ü £K¤ Ü � q �f� ¢�²���Fq ��� ¢v²a´ W"�o����m0s�k'BDC���m0l ; �Et:�0lJkbdc LOeFKYX�NÜf�ÅVN�× c KYf�`;m Ç e c `;mCfÄa c ZgÐ [ N�`;mÑX�N Ç `;P�fhNDX q �f� ¢v²�� K Ç KM`ºmVPhf�f�ÅgN c mgNÕ`;m q �f� ¢�².´ KMmVa PhNDf�f�ÅgN
× c KYf�`;m Ç e c `ºmCf�] c mVan`lf�` c m ×FK Ç fhXGZVN¥` t f�ÅVNDs�KYX�N¥NE×5ZVK [ S

² Ü « £ Ü §wq �f� ¢�²���Fq ��� ¢v²a´ W"�o����mos�k17�k	���I0�w:mot�BDC��{moly���o��qMlJk
² Ü « £ Ü � q �f� ¢�²���Fq ��� ¢v²a´ W"�o����mos�k17�k	�p�I0�w�mot�BDC���m0l ; �Et:�0lJkbdc LOeFKYX�NÜf�ÅVN�× c KYf�`;m Ç e c `;mCfÄa c ZgÐ [ N�`;mÑX�N Ç `;P�fhNDX q �f� ¢v²�� K Ç KM`ºmVPhf�f�ÅgN c mgNÕ`;m q �f� ¢�².´ KMmVa PhNDf�f�ÅgN
× c KYf�`;m Ç e c `ºmCf�] c mVan`lf�` c m ×FK Ç fhXGZVN¥` t f�ÅVN�ÎnXGPhf�`;P [ NEP�P4f�ÅVKMm c XRNE×5ZnK [ f c f�ÅgNTPhNE] c mna©S
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² Ü « ¦ Ü §wq �f� ¢�²���Fq ��� ¢v²a´ W"�o����mos�ka7�k	���I0�w:motJ���o��qMlJk
² Ü « ¦ Ü � q �f� ¢�²���Fq ��� ¢v²a´ W"�o����mos�k17�kM�p�I0�w:m0t ; �Et:�0lJkbdc LOeFKYX�NÜf�ÅVN�× c KYf�`;m Ç e c `;mCfÄa c ZgÐ [ N�`;mÑX�N Ç `;P�fhNDX q �f� ¢v²�� K Ç KM`ºmVPhf�f�ÅgN c mgNÕ`;m q �f� ¢�².´ KMmVa PhNDf�f�ÅgN
] c mVaV`;f�` c m ×FK Ç fhXGZVNT` t f�ÅgNTÎnXGPhf4`;P [ NEP�P
f�ÅVKMm¸f�ÅVNTPhNE] c mVa©S

²oðK¦ Ü § Ü � q � §:£ � ¦�Fq �f� ¢�² W"�ot{�okAs	� ; ��tK�alGk·�%�K���o��qMlJk
²oðK¦ Ü § Ü�� q � §:£ � ¦�Fq �f� ¢�² W"�ot{�0kMsM�=��tv�8k%�KkAs]�%�K���o��qMlJk
bdc m5rMNDX�fÕf�ÅgNµP�`;m Ç [ N¢eVXGNE]D`;P�` c m × c KYf�`;m Ç e c `;m5f�m�ZVL�Ð NDX c XÕ`;m5fhN Ç NDX¸`;m X�N Ç `;PhfhNDX q ��� ¢v² f c KÌa c ZgÐ [ N
eVX�NE]D`ºP�` c mÕm�ZVL¥Ð¯NDX�KMmVaÏeFZgf�`lf�`;mÏX�N Ç `ºPhfhNDX q � §�£ � ¦ S

²oðK¦ Ü � Ü §zq � §:£ � ¦�Fq �f� ¢�² W"�ot{�okAs	�{���o��qMlJk·�%� ; �Et:�0lJk
²oðK¦ Ü � Ü�� q � §:£ � ¦�Fq �f� ¢�² W"�ot{�okAs	�{��t��8k8�KkAs]�%� ; �Et:�0lJkbdc m5rMNDX�fÕf�ÅgNµa c ZgÐ [ N¢eVXGNE]D`;P�` c m × c KYf�`;m Ç e c `;m5f�m�ZVL�Ð NDX c XÕ`;m5fhN Ç NDX¸`;m X�N Ç `;PhfhNDX q ��� ¢v² f c KÌPG`;m Ç [ N
eVX�NE]D`ºP�` c mÕm�ZVL¥Ð¯NDX�KMmVaÏeFZgf�`lf�`;mÏX�N Ç `ºPhfhNDX q � §�£ � ¦ S

²oðK¦ Ü���Ü §zq � §:£ � ¦�Fq �f� ¢�² W"�ot{�0kMsM�=���o��qAlGk·�%�K��t��8k%�:kMs
²oðK¦ Ü���Ü � q � §:£ � ¦�Fq �f� ¢�² W"�ot{�okAs	� ; ��tK�alGk·�%�K��t��8k%�:kMs
bdc m5rMNDX�f
f�ÅgNRa c ZgÐ [ N c XdP�`ºm Ç [ N.enX�NE]D`;P�` c m�× c KYf�`;m Ç e c `;mCfdm5ZnL¥Ð¯NDXÔ`ºmÆX�N Ç `ºPhfhNDX q �f� ¢v² f c KMm�`;m5fhN Ç NDX�KMmVaenZgf�`;f�`;mÏX�N Ç `;PhfhNDX q � §:£ � ¦ S

§ � ð Ü §wq � §�£ � ¦�Fq �f� ¢v²���Fq ��� ¢�².´ [-lG��m0�3��tK�-xc�o��t��=�]�����>i.k5���o��qMlJk
§ � ð Ü � q � §�£ � ¦�Fq �f� ¢v²���Fq ��� ¢�².´ [
lG��m0�3��tK�-xc�o�Etv�=�]�����>i.k ; �Et:�0lJkbdc LOeFZgfhN.f�ÅgN�×�Z c f�`lNEm5f cMt f�ÅVNc× c KYf�`ºm Ç × c KYf
a c ZgÐ [ NEP+}óP�`;m Ç [ NEP	�%`;mÜX�N Ç `;PhfhNDX7P q ��� ¢v²P� KMmVa q �f� ¢�².´ KMmVaenZgf�`;f�`;mÏX�N Ç `;PhfhNDX q � §:£ � ¦ S
« Ü §|q � §�£ � ¦� ¡.§:§.¢�£ �K� 7���mai-[
lG��m0�3��tK�-xc�o�Etv�=���o��qMlJk 	
« Ü � q � §�£ � ¦� ¡.§:§.¢�£ �K� 7���mai-[
lG��m0�3��tK�-x �0�Et�� ; ��tK�0lJk
	
U c KMa¢f�ÅgNÖ× c KYf�`;m Ç × c KYf.a c ZgÐ [ N�}óP�`;m Ç [ N��dKYf ¡.§:§.¢�£ �K� `;mCf c XGN Ç `;PhfhNDX q � §�£ � ¦ S
��z ð Ü §wq � §�£ � ¦�Fq �f� ¢v² ) �o�ok5[
lC��m0�3�Et:�-x �o��t��<���o��qMlJk
��z ð Ü � q � §�£ � ¦�Fq �f� ¢v² ) �0�ok5[
lC��ma�3�EtK��x �o��t�� ; �Et:�0lJkx c rMN¥f�ÅVNÙ× c KYf�`;m Ç × c KYf.a c ZgÐ [ N�}óPG`;m Ç [ N�� t X c L X�N Ç `ºPhfhNDX q ��� ¢�² f c X�N Ç `;P�fhNDX q � §�£ � ¦ S
� ¥ « Ü §wq � §�£ � ¦�Fq �f� ¢v²���Fq ��� ¢�².´ [
lG��m0�3��tK�-xc�o�Etv� ) �:lC�3� �vl nK���o��qMlJk
� ¥ « Ü � q � §�£ � ¦�Fq �f� ¢v²���Fq ��� ¢�².´ [
lG��m0�3��tK�-x �0�Et�� ) ��lC�3�&��l n ; �Et:�0lJkbdc LOeFZgfhN�f�ÅgN�eVX c aVZV]of cMt f�ÅgN+× c KYf�`;m Ç × c KYf�a c ZgÐ [ NEPÖ}óP�`;m Ç [ NEP��Ô`;m�X�N Ç `;PhfhNDX7P q �f� ¢v²P� KMmVa q �f� ¢v².´ KMmVaenZgf�`;f�`;mÏX�N Ç `;PhfhNDX q � §:£ � ¦ S
x £. Ü §wq � §�£ � ¦�Fq �f� ¢v² Ò�k%�Km0�8k5���o��qMlJk
x £. Ü � q � §�£ � ¦�Fq �f� ¢v² Ò�k%�.ma�8k ; �Et:�0lJk
�RN Ç KYfhN�f�ÅgNÖ× c KYf�`;m Ç e c `;m5f�a c ZgÐ [ N�}óP�`ºm Ç [ N��Ô`;mÕX�N Ç `ºPhfhNDX q ��� ¢�² KMmVaÏenZgf�`;f�`;mÏX�N Ç `;PhfhNDX q � §:£ � ¦ S

� Ü §|q � §�£ � ¦� ¡.§:§.¢�£ �K� ; �%�0s�kZ[
lG��m0�3��tK�-xc�o�Etv�=���o��qMlJk 	
� Ü � q � §�£ � ¦� ¡.§:§.¢�£ �K� ; �%�os�kZ[
lG��m0�3��tK�-x �0�Et�� ; ��tK�0lJk
	
i�f c X�N¥f�ÅgNÖ× c KYf�`;m Ç × c KYfRa c ZgÐ [ Ny}óPG`;m Ç [ N��d`;mÏXGN Ç `;PhfhNDX q � §:£ � ¦ KYf ¡.§:§K¢�£ �K� S

� ¥K  Ü §wq � §�£ � ¦�Fq �f� ¢v²���Fq ��� ¢�².´ [-lG��m0�3��tK�Ix �o��t�� ; ��qA�3s�mau��<���o��qMlJk
� ¥K  Ü � q � §�£ � ¦�Fq �f� ¢v²���Fq ��� ¢�².´ [
lG��m0�3��tK��xc�o��t�� ; ��q��3s'mau�� ; �Et:�0lJkbdc LOeFZgfhNÆf�ÅgNÏaV`Cå¯NDX�NEmV]oN cMt f�ÅgN�× c KYf�`;m Ç × c KYf�a c ZgÐ [ NEP }óP�`;m Ç [ NEP���`;mÑX�N Ç `;PhfhNDX7P q ��� ¢v²P� KMmVa q �f� ¢�².´KMmVaÕeFZgf4`lf�`;mÏX�N Ç `;P�fhNDX q � §�£ � ¦ S
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Reserved

Text Segment

Data Segment

Stack Segment

0x400000

0x7fffffff

Þ ` Ç ZVX�N � Ø�U KAs c Zgf cMt LONEL c XGsMS

��P8Ov� } �-e�h{ò-XaR8Y�Z WfZ�ô�~+`aWfò ��Z
ó�X0`.T�e:X0R8Y�Z
ó

¢ ª £ . k��3��s�t�[5s'�o��B{�Ku�k����3�3�0t
Q�NEP�f c X�NTf�ÅgNÄikf�KYf�ZVP4X�N Ç `;P�fhNDXES

��Ûv� ²0¡ «:« ; n��M�8kM��W"m0lEl
Q�N Ç `ºPhfhNDX Ôað�¶ ] c mCf�KM`ºmVP�f�ÅgNTm�ZVL�Ð¯NDX cMt f�ÅVNTPhs�P�fhNEL�]DK [;[ }óP�NDN Ò KYÐ [ N z �deVX c r�`ºagNEaÏÐ5s¸ikÂ � xÑS

 �¢�£:¡0³ x Tcs�k�m#^
b KMZVP�N?NoÍk]oNDeVf�` c m;�%S-¬%Íg]oNDeVf�` c m z `;P
X�NEPhNDXGrMNEa t°c X�f�ÅgNTagNDÐnZ ÇMÇ NDXES
x�zo| Ò]� ����kAs'm0�3�>�ot
p c m c f�ÅV`ºm Ç S

� Á ¥/� �©����¦§y���.¥

Ò ÅgN c X Ç KMmV`G¯EKYf�` c m cMt LONEL c X�s�`ºm�x � Â
i�P�s�PhfhNELÆP�`;PÄ] c m5rMNEmCf�` c mnK [ Sµ� eVX cMÇ XGKML ¨þPÄKManagX�NEP�PÄPhenKM]oNÏ`;P
] c LOe c PhNEa cMt f�ÅgXGNDN?enKYX�f�P]}óPhNDNÄÞ ` Ç ZgX�N � �7S

�
fÄf�ÅgN�Ð c fhf c L cMt f�ÅgN�ZVPhNDX�KMaVagX�NEPGP¥PhenKM]oN~} | Í�è |M|M|M|M| ��`;PTf�ÅVNÆfhNoÍkf�P�N Ç LONEmCfD}%^RÅV`;]GÅÑÅ c [ aVP¥f�ÅgN
`;mVP�fhXGZV]of�` c mVP t°c X.KOeVX cMÇ XGKMLÕS

�RÐ c rMNTf�ÅgN?fhNoÍkf.PhN Ç L§NEmCf.`ºP
f�ÅgN¥aVKYf�KOPhN Ç L§NEmCf·}óP�f�KYX�f�`;m Ç KYf | Í zD|M|M|M|M|M|M| �7}©^.ÅV`º]GÅÕ`;P4aV`;r�`;aVNEaÜ`;m5f c
f9^ c eFKYX�f�PDS Ò ÅVNÆPhf�KYf�`;]§anKYf�KÕe c X�f�` c m¹] c m5f�KM`;mVP c Ð�©äNE]of�P¥^.Å c PhNÜP�`G¯DN§KMmVa¹KManagX�NEP�PTKYXGN§Ó�m c ^.mµf c f�ÅgN
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      .
      .
      .
local variables
      .
      .
      .

      .
      .
      .
dynamic area
      .
      .
      .

memory
addresses

$fp

$sp
�

argument 5

argument 6

...

arguments 1−4      
      .
      .
saved registers
      .
      .
      .

Þ ` Ç ZgX�N � Ø U KAs c Zgf cMt KjP�f�KM]�Ó t X7KMLONMS Ò ÅgN t X7KMLON
e c `ºmCfhNDX%e c `;m5f�P�©hZVP�fvÐ¯N [ c ^ f�ÅgN [ KMPhfªKYX Ç ZnLONEmCf enKMPGPhNEa
c mÕf�ÅgN�Phf�KM]�Ó S Ò ÅVNTPhf�KM]�ÓÕe c `;m5fhNDX4e c `;mCf�P
f c f�ÅgN [ KMPhf4^ c XGa¸`ºmÏf�ÅgN t XGKMLONMS

] c LOen` [ NDX�KMmVa [ `ºmgÓMNDXES � L§LONEaV`;KYfhN [ sÜKYÐ c rMN�f�ÅgNEPhN c Ð�©hNE]of�Pj`;P4agskmVKML§`;]?aVKYf�KkSd�RP.KOeVX cMÇ XGKML K [;[ c ]DKYfhNEP
PhenKM]oNjagskmVKML§`;]DK [;[ s }ó`ùS_NMSl}�Ð5s�� ¡ «:«Kz ² �7}2f�ÅgN �  �¢.³ PhskPhfhNEL�]DK [º[ L c rMNEP�f�ÅgNRf c e cMt f�ÅgNRaVKYf�K¥PhN Ç L§NEmCf
Zge~S

Ò ÅVNÔeVX cMÇ XGKML�Phf�KM]�ÓÄX�NEP�`ºagNEP KYfvf�ÅVNdf c e cMt f�ÅgN4KMaVagX�NEPGPvP�enKM]oN�} | Í � å�åvå t �7S � f Ç X c ^.P%a c ^.m©}Mf c ^dKYXGanP
f�ÅgN¥anKYf�K§PhN Ç LONEm5fDS

� �|�D���@ª'®4��� .®@�.¥�®�¬�ªo�®

Ò ÅgN�]DK [;[ `;m Ç ] c mCrMNEm5f�` c m�agNEP�]oX7`lÐ¯NEa¹`;m¹f�Ån`;P¥PhNE]of�` c mÌ`ºPTf�ÅgN c mgNÜZnPhNEa�Ð�s_�.u�uM}%m c f�f�ÅgN�mnKYf�`lrMNÜx � Â
i
] c LOen` [ NDXE}k^.ÅV`;]7ÅÕZVPhNEP�KÆL c X�N¥] c LOe [ NoÍÏ] c m5rMNEm5f�` c m¸f�ÅVKYfR`;P4P [ ` Ç Å5f [ s t KMPhfhNDXAS

Þ ` Ç ZgXGN � P�Å c ^.P¥K²aV`;K Ç XGKML cMt K¢Phf�KM]GÓ t XGKML§NMSÏ� t XGKMLONÆ] c mnP�`;Phf�P cMt f�ÅVNÜLONEL c XGsyÐ¯NDf(^ÔNDNEmÑf�ÅgN
t XGKMLONOe c `;m5fhNDX } Ô ªa|��7}©^RÅV`;]GÅe c `;m5f�P�f c f�ÅgNO^ c XGa¹`;LÆLONEaV`;KYfhN [ s²K t fhNDXTf�ÅVN [ KMPhfTKYX Ç ZVL§NEmCf?enKMPGPhNEa c m
f�ÅgNOPhf�KM]GÓF} KMmna²f�ÅVN�P�f�KM]�Óye c `ºmCfhNDX�} Ô � |v�7}©^.ÅV`;]7Å¢e c `;m5f�Pjf c f�ÅVN [ KMPhfR^ c XGa`;myf�ÅgN t X7KMLONMS¥�jPRf(s5eF`;]DK [
cMt qjmV`ÊÍ¢PhskPhfhNEL§PE}Ff�ÅgN�Phf�KM]GÓ Ç X c ^.P�a c ^Rm t X c L ÅV` Ç ÅgNDXjLONEL c X�s²KMaVagX�NEP�P�NEPD} P c f�ÅgN t XGKMLONÄe c `ºmCfhNDX�`;P
KYÐ c rMNÄPhf�KM]�ÓÏe c `;m5fhNDXES

Ò ÅVN t,c [;[ c ^.`;m Ç P�fhNDenP�KYX�N¥mVNE]oNEP�P�KYX�sÏf c NMå¯NE]ofRKO]DK [;[ Ø
z S.Â KMP�PRf�ÅgNÄKYX Ç ZVLONEm5f�PDS�Nds¸] c mCrMNEm5f�` c m©} f�ÅgNTÎFXGPhf t°c ZgX.KYX Ç ZnLONEmCf�PjKYX�N�enKMP�PhNEa²`;mÕX�N Ç `;P�fhNDXGP ÔK¡K¶ w
ÔK¡:v }°f�Å c Z Ç ÅÄP�`;LOe [ NDX ] c LOen` [ NDXGP L§KAs¥]GÅ c5c PhN
f c ` Ç m c X�NÔf�ÅV`;Pv] c mCrMNEm5f�` c m�KMmVa�enKMP�PvK [;[ KYX Ç ZVLONEm5f�Prk`;K�f�ÅgN�Phf�KM]�Ó{�7S Ò ÅVN?X�NEL§KM`;mV`ºm Ç KYX Ç ZVLONEm5f�P�KYX�NTeFZVP�ÅgNEa c mÕf�ÅVN¥Phf�KM]�Ó S

{ SjigKErMN?f�ÅgN?]DK [;[ NDX � P�KErMNEaÕXGN Ç `;PhfhNDXGPDS Ò ÅV`;Pd`;mV] [ ZVaVNEP�X�N Ç `ºPhfhNDXGP Ô0¦�¶ w Ô0¦PÇ }k` t f�ÅVNDsÜ] c m5f�KM`;m [ `lrMN�rYK [ ZgNEP
KYf.f�ÅgN¥]DK [;[ PG`lfhNMS

{M{



� Sc¬ªÍ�NE]DZVfhN¥KbÍ ¡ «Æ`;mVPhfhX7ZV]of�` c m©S
u `lf�ÅV`;mÏf�ÅVNT]DK [;[ NEaÕX c ZVf�`;mgNM}gf�ÅgN t°c [;[ c ^.`;m Ç PhfhNDenP.KYX�N¥mgNE]oNEP�PGKYX�sFØ
z Sc¬ÔPhf�KYÐ [ `ºP�Å�f�ÅgN¥Phf�KM]GÓ t XGKML§N?Ð5sÏP�ZgÐVfhX7KM]of�`;m Ç f�ÅgN t XGKMLONTPG`G¯DN t X c L f�ÅgN¥Phf�KM]GÓÏe c `ºmCfhNDXES
{ SjigKErMNÆf�ÅVNÆ]DK [;[ NDN � P�KArMNEa�XGN Ç `;PhfhNDXGPT`ºmµf�ÅgN t XGKMLONMSÆQ.N Ç `;PhfhNDX Ô ªa|µ`ºP?K [ ^dKAs�P�P�KErMNEa~S�Q.N Ç `;PhfhNDX Ôa¢�¡mVNDNEaVPjf c Ð¯N�P�KErMNEa` t f�ÅgNÄX c Zgf�`ºmgN�`lf�P�N [ t L§KYÓMNEP?]DK [;[ PESR�jmCs cMt f�ÅgN�XGN Ç `;PhfhNDXGP Ô � ¶ w Ô �cÈ f�ÅVKYf?KYX�NZnPhNEaÕÐ�sÜf�ÅgN�]DK [;[ NDNTmgNDNEaÕf c Ð NTPGKErMNEa©S
� Sc¬ÔPhf�KYÐ [ `ºP�Å�f�ÅgN t XGKMLON?e c `;m5fhNDX�Ð5sÏKMaVaV`ºm Ç f�ÅgN¥Phf�KM]GÓ t XGKMLON�P�`G¯DN � èOf c f�ÅVN¥KMaVagX�NEPGP4`;m Ô � |©S
Þ `;mVK [º[ sM}Cf c X�NDf�ZgXGm t X c LÛKÄ]DK [;[ }kK t ZVmn]of�` c m§e [ KM]oNEP�f�ÅgNjX�NDf�ZgX7mgNEaÆrYK [ ZgNj`;m5f c Ôað�¶ KMmVaÜNoÍkNE]DZgfhNEP
f�ÅgNt°c [;[ c ^R`;m Ç PhfhNDenPDØ
z S.Q.NEPhf c X�N�KMmCs§]DK [º[ NDN � P�KErMNEa�X�N Ç `ºPhfhNDXGPªf�ÅnKYf�^dNDX�NRP�KArMNEaÏZge c mONEmCfhXGs�}ó`ºmV] [ ZVaV`ºm Ç f�ÅgN t XGKMLON.e c `;m5fhNDX
Ô ªa|��7S

{ S.Â c e²f�ÅgNTPhf�KM]�Ó t XGKMLON¥Ð5sÏKMaVaV`;m Ç f�ÅVN t XGKML§N¥P�`G¯DN?f c Ô � |¯S
� S.Q.NDf�ZgXGmÕÐ�s]©hZVL§en`;m Ç f c f�ÅgN¥KManagX�NEP�P4`;mÏXGN Ç `;PhfhNDX Ôa¢�¡ S

� À�®y«K�?¬��]®4�����?¬�«K�?¬
� m KMaVaV`;f�` c m�f c P�`ºL�Z [ KYf�`;m Ç f�ÅgN¢ÐFKMP�`;] c e¯NDXGKYf�` c m cMt f�ÅgN b ÂÔq KMmna c e¯NDXGKYf�`;m Ç Phs�P�fhNELÕ}.ikÂ � x K [ P c
P�`;LÄZ [ KYfhNEP%K¥LONEL c X�s � L§KYeVe¯NEa�fhNDXGL§`ºmVK [ ] c mVmgNE]ofhNEaÆf c f�ÅgN�L§KM]7ÅV`;mgNMS u ÅgNEm§K�eVX cMÇ X7KML `;P6xäXGZnmVmV`;m Ç } ~ikÂ � xß] c mnmgNE]of�P�`lf�P c ^RmÏfhNDXGL§`;mVK [ } c X�KOPhNDenKYX7KYfhN�] c mnP c [ N?^.`;mna c ^ `;m � � |����f�%f c f�ÅgN�eVX c ]oNEP�P c XES Ò ÅgN
eVX cMÇ X7KML�]DKMmµX�NEKMa¹]7ÅVKYXGKM]ofhNDXGP?f�ÅnKYfTs c Zf9s�e¯NO^.ÅV` [ NÄf�ÅgN�eVX c ]oNEP�P c X�`;PjXGZVmVmV`ºm Ç SÄik`;LÆ` [ KYX [ sM} ` t ikÂ � x
NoÍkNE]DZgfhNEPR`ºmVPhfhXGZV]of�` c mVP
f c ^�X7`lfhN¥]GÅnKYXGKM]ofhNDXGPjf c f�ÅgN�fhNDXGL§`;mVK [ }gf�ÅgN¥]GÅnKYXGKM]ofhNDXGPj^.` [;[ KYene NEKYX c myikÂ � xÂ¨þP
fhNDXGL§`ºmVK [ c XÆ] c mVP c [ NÕ^R`;mVa c ^TS�Ú�mVN�NoÍg]oNDeVf�` c m f c f�ÅV`;P�XGZ [ N�`;PO] c m5fhX c [ � b Øª`lf§`;P�m c fOenKMP�P�NEa�f c f�ÅgN
eVX c ]oNEP�P c XA}2ÐnZgfª`;mnPhfhNEKMa§]DKMZVPhNEP
ikÂ � x f c Phf c eÜPG`;L�Z [ KYf�`;m Ç KMmVaOX�NDf�ZVXGm�f c ] c L§LÆKMmVa§L c agNMS u ÅgNEmÆf�ÅgN
eVX c ]oNEP�P c XdPhf c enP�NoÍ�NE]DZgf�`ºm Ç } t°c XÔNoÍgKMLOe [ NM}CÐ¯NE]DKMZVPhN�s c ZÜf9s�e¯NEaÆ] c m5fhX c [ � b c XÔÐ¯NE]DKMZVP�N�f�ÅgNRLÆKM]GÅV`;mVN.ÅV`lf
KÜÐVX�NEKYÓ�e c `ºmCf��7}¯f�ÅgNÄfhNDXGL§`;mnK [ `;PRX�NE] c mVmgNE]ofhNEaf c ikÂ � x P c s c Zµ]DKMmyf9s�e¯NOigÂ � x ] c L§L§KMmVanPDS Ò c ZVPhN
LONEL c XGs � L§KYene NEa � ÚÄ} � |���� c Xc� � |f�A�¢L�ZVP�f4Ð NTP�f�KYX�fhNEa¸^.`;f�ÅÏf�ÅgN � � ¡ |K| £.§ �0z�×FK Ç SÒ ÅVNOfhNDXGL§`;mVK [ aVNDr�`;]oNÜ] c mVP�`;Phf�P cMt f(^ c `;mVagNDe¯NEmVagNEm5f?ZVmV`lf�PEØ�K°s�kpu�kM���okAsÕKMmVa¹K°�3s�mot��	���3�>�8kMs�S Ò ÅgN
X�NE]oNE`lrMNDX4ZVmn`lfªX�NEKMaVPd]GÅnKYXGKM]ofhNDXGP t X c L�f�ÅVNRÓMNDs�Ð c KYXGaÜKMPdf�ÅgNDsÜKYX�N.f(s5e¯NEa©S Ò ÅVN.fhXGKMmVPGL§`lfhfhNDX
ZVmV`lfª^.XG`lfhNEP
]GÅnKYXGKM]ofhNDXGPdf c f�ÅgN.fhNDXGL§`;mVK [ ¨þPªaV`;Phe [ KEsMS Ò ÅgN�f(^ c ZVmV`lf�P�KYX�N.] c LOe [ NDfhN [ sO`;mVagNDe¯NEmVagNEm5fDS Ò ÅV`;P%LONEKMmnPD} t°c X
NoÍgKMLOe [ NM}gf�ÅVKYfR]GÅVKYXGKM]ofhNDX7P.f(s5e¯NEaÕKYf�f�ÅgN¥ÓMNDs5Ð c KYXGa¸KYXGNTm c f.KMZgf c L§KYf�`º]DK [;[ sJxäNE]GÅ c NEa ~ c m¸f�ÅgNTaV`;Phe [ KEsMS
� mVPhfhNEKMa©}Vf�ÅVN?eVX c ]oNEP�P c XRLÄZVPhf Ç NDfjKMm¸`;mgeFZgf4]GÅVKYXGKM]ofhNDX t X c L f�ÅgNTXGNE]oNE`lrMNDXRKMmVaÏXGN � fhXGKMmVP�L§`;f�`lf4f c NE]7Å c
`lfDS

Ò ÅVNÄenX c ]oNEPGP c XTKM]D]oNEP�PhNEP¥f�ÅgNOfhNDXGL§`;mnK [ ZnP�`;m Ç�t,c ZVXTLONEL c X�s � L§KYeVe¯NEaagNDrk`;]oN�X�N Ç `;PhfhNDXGPE} KMPTP�Å c ^.m
`;mÜÞv` Ç ZgX�N � S6xhx²NEL c X�s � L§KYeVe¯NEa ~ LONEKMmVPÔf�ÅVKYfdNEKM]GÅÏX�N Ç `ºPhfhNDXdKYene NEKYX7PÔKMP
KÄPhe¯NE]D`;K [ LONEL c X�s [ c ]DKYf�` c m©SÒ ÅgN§Q.NE]oNE`lrMNDX b
c mCfhX c [ Q�N Ç `;PhfhNDX�`;PTKYf [ c ]DKYf�` c m | Í:å�å |M|M|M| P c m [ s²f(^ c¸cMt `lf�PTÐn`lf�P?KYX�NÆKM]of�ZnK [;[ s²ZnPhNEa©S
N
`lf | `;P
]DK [;[ NEa xäX�NEKMaVs ~ Ø�` t `lf4`;P c mgN?`lf4LONEKMmVP
f�ÅVKYf�KO]7ÅVKYXGKM]ofhNDXjÅVKMP4KYX�XG`lrMNEa t X c L f�ÅgN?ÓMNDs�Ð c KYXGaÏÐnZgf
ÅVKMPjm c fjsMNDfjÐ¯NDNEm²X�NEKMa t X c L�f�ÅgNÄX�NE]oNE`lrMNDX?aVKYf�KÜX�N Ç `;P�fhNDXES Ò ÅgN¥X�NEKMaVsÕÐn`lfR`ºP.X�NEKMa � c m [ s Ø�KYfhfhNELOeVf�Pjf c
^�XG`;fhN§`lfTKYX�NÜ` Ç m c X�NEa©S Ò ÅgNOX�NEKMagsÐn`lfT]7ÅVKMm Ç NEPÄKMZgf c L§KYf�`;]DK [º[ s t X c Lä¯DNDX c f c¸c mVN§^.ÅgNEm¹K¢]GÅVKYXGKM]ofhNDX
`;P.f9s�e NEayKYf�f�ÅgN¥ÓMNDs�Ð c KYXGa©}¯KMmVay`lfR]7ÅVKMm Ç NEP�KMZgf c L§KYf�`;]DK [º[ s t X c L c mgNÄf c ¯DNDX c ^RÅgNEm¸f�ÅgN�]GÅnKYXGKM]ofhNDXT`;P
X�NEKMa t X c L f�ÅVNTX�NE]oNE`lrMNDXjaVKYf�KOX�N Ç `;P�fhNDXES

N
`lf c mgN cMt f�ÅVN§Q�NE]oNE`lrMNDX bdc m5fhX c [ Q.N Ç `;PhfhNDXT`;Pîxh`;m5fhNDX�XGZgenfRNEmVKYÐ [ N ~ S Ò Ån`;P.ÐF`lfjLÆKEs¢Ð¯N�Ð c f�ÅyX�NEKMa
KMmVaµ^.XG`lfhfhNEmÐ�syf�ÅVNOeVX c ]oNEP�P c XES Ò ÅgN§`;m5fhNDX�XGZgeVf�NEmVKYÐ [ N§`;P?`;mV`;f�`;K [;[ s�¯DNDX c S �(t `lfT`;P?P�NDfTf c¢c mgNOÐ�sf�ÅgN
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1 1

Interrupt
Enable

Ready

Receiver Control
(0xffff0000)

1 1

Interrupt
Enable

Ready

Transmitter Control
�
(0xffff0008)

Receiver Data
(0xffff0004)

8
�

Received Byte

Transmitter Data
�
(0xffff000c)

8
�

Transmitted Byte
�

Unused

Unused

Unused

Unused

Þ ` Ç ZgX�N � Ø Ò ÅVNjfhNDX7L§`;mVK [ `;P
] c m5fhX c [;[ NEaÏÐ�s t°c ZgX�agNDrk`;]oN�X�N Ç `;PhfhNDX7PD}gNEKM]GÅ cMt ^.ÅV`º]GÅÏKYeVe¯NEKYXGP
KMP�K�Phe¯NE]D`;K [
LONEL c XGs [ c ]DKYf�` c m¹KYf?f�ÅVN Ç `lrMNEm¹KMaVaVX�NEP�PDSÆÚ�m [ s¢K t ND^�Ðn`lf�P cMt f�ÅgN§X�N Ç `;P�fhNDXGP?KYX�NÆKM]of�ZVK [º[ s²ZVP�NEa©Ø?f�ÅgN
c f�ÅgNDXGP.K [ ^dKAs�P.X�NEKMa¢KMP ¯DNDX c NEPRKMmVa¸KYX�N�` Ç m c X�NEa c m¢^�XG`lfhNEPDS

{ è



eVX c ]oNEP�P c XA}kKMmÏ`;m5fhNDX�XGZVeVfÔ`;PdX�NE×�ZgNEPhfhNEaÏÐ�s§f�ÅgN�fhNDXGLÆ`;mVK [ c m [ NDrMN [ ¯DNDX c ^.ÅgNEmgNDrMNDX4f�ÅgN�X�NEKMaVs§Ðn`lf
`;P c mgNMS
Þ c X�f�ÅgN�`;mCfhNDXGXGZgeVfTKM]of�ZVK [º[ sµf c Ð¯N§XGNE]oNE`lrMNEa�Ð�sµf�ÅgNÜeVX c ]oNEP�P c XE}%`;m5fhNDX�XGZgenf�PTL�ZnPhf¥Ð¯N§NEmVKYÐ [ NEa�`;m�f�ÅgN
Phf�KYf�ZVP.X�N Ç `;PhfhNDX cMt f�ÅgN�Phs�P�fhNEL�] c eVX c ]oNEP�P c X�}óPhNDN�i�NE]of�` c m { �7S

Újf�ÅVNDX.Ðn`lf�P cMt f�ÅgN¥Q�NE]oNE`;rMNDX bdc m5fhX c [ Q�N Ç `;PhfhNDX�KYX�N¥Znm5ZVP�NEa©Ø�f�ÅgNDsÕK [ ^
KEskPRX�NEKMa¢KMP�¯DNDX c NEPRKMmVa²KYX�N
` Ç m c XGNEaÕ`;mÕ^�XG`;fhNEPDS

Ò ÅVNÜPhNE] c mVaÌfhNDXGLÆ`;mVK [ aVNDr�`;]oN�X�N Ç `;P�fhNDXÄ`;P�f�ÅgNÏQ�NE]oNE`lrMNDXOp�KYf�KµQ�N Ç `ºPhfhNDX }óKYfÄKMaVaVX�NEP�P | ÍKå�å |M|M| èK�7S
Ò ÅgN [ c ^ � c XGagNDXjNE` Ç ÅCfjÐn`lf�P cMt f�ÅV`ºP�X�N Ç `;P�fhNDXj] c m5f�KM`;myf�ÅgN [ KMPhf�]GÅVKYXGKM]ofhNDX?f(s5e¯NEa c myf�ÅgN¥ÓMNDs�Ð c KYXGa©}©KMmVa
K [;[ f�ÅVN c f�ÅgNDXjÐn`lf�P�] c m5f�KM`;m ¯DNDX c NEPDS Ò Ån`;P
X�N Ç `;PhfhNDXj`;P4X�NEKMa � c m [ sÏKMmVa c m [ s�]7ÅVKMm Ç NEPRr*K [ ZVNT^.ÅgNEm¸KÆmgND^
]GÅnKYXGKM]ofhNDX�`;PÔf9s�e NEa c mÜf�ÅgNjÓMNDs5Ð c KYXGa©SªQ.NEKMaV`;m Ç f�ÅgN�Q�NE]oNE`lrMNDX�p�KYf�K�Q�N Ç `;P�fhNDX
]DKMZnPhNEP
f�ÅgNjX�NEKMagsOÐn`lfd`;m
f�ÅgN¥Q.NE]oNE`lrMNDX b
c mCfhX c [ Q�N Ç `;PhfhNDX.f c Ð¯N?X�NEPhNDf�f c ¯DNDX c S

Ò ÅVNÔf�ÅV`;XGaTfhNDXGLÆ`;mVK [ aVNDr�`;]oNdX�N Ç `;P�fhNDXv`;PWf�ÅgN Ò X7KMmVP�L§`lfhfhNDX bdc m5fhX c [ Q�N Ç `;P�fhNDX�}óKYf%KMaVaVX�NEP�P | ÍKå�å |M|M|2� �7S
Ú�m [ sRf�ÅgN [ c ^ � c X7agNDX f(^ c Ðn`lf�P cMt f�ÅV`;P~X�N Ç `;PhfhNDXvKYX�NÔZVP�NEa©}<KMmVa¥f�ÅgNDs�Ð¯NEÅVKErMNdL�ZV]7Å [ `;ÓMNªf�ÅgN�] c X�XGNEPhe c mVaV`;m Ç
Ðn`lf�P cMt f�ÅgNÜQ.NE]oNE`lrMNDX b
c mCfhX c [ Q�N Ç `ºPhfhNDXES�N
`lf | `ºP¥]DK [;[ NEa xäX�NEKMags ~ KMmVaÑ`;PTXGNEKMa � c m [ sMS �0t `;f¥`;P c mVNÆ`lf
LONEKMmVPRf�ÅgN�fhXGKMmVP�L§`;fhfhNDXj`;P.X�NEKMagsÕf c KM]D]oNDeVf?KÆmgND^ø]GÅnKYXGKM]ofhNDX t,c X c ZgfhenZVfDS �(t `lfj`;P ¯DNDX c `lfjLONEKMmVPRf�ÅgN
fhXGKMmVPGL§`lfhfhNDXÆ`;POP�f�` [;[ ÐnZVPhs c ZgfhenZgfhf�`;m Ç f�ÅgNÕeVX�NDrk` c ZVPO]7ÅVKYXGKM]ofhNDX Ç `;rMNEm f c `lfDSÍN
`lf c mgN¢`ºP±xh`;mCfhNDXGXGZgeVf
NEmVKYÐ [ N ~ P `lf?`;PjX�NEKMaVKYÐ [ NÄKMmVa^.XG`lf�KYÐ [ NMS �0t `;f�`ºPjP�NDfjf cÕc mVNM}~f�ÅgNEmµKMmµ`;m5fhNDX�XGZgenf.^.` [º[ Ð¯NÄX�NE×5ZVNEPhfhNEa c m
[ NDrMN [ c mVNT^.ÅgNEmgNDrMNDX.f�ÅgNTX�NEKMags�Ðn`lf4`;P c mgNMS

Ò ÅVN4ÎFmVK [ agNDr�`º]oN�X�N Ç `;PhfhNDX
`;P�f�ÅgN Ò XGKMmVP�LÆ`lfhfhNDXÔp�KYf�KÄQ�N Ç `;PhfhNDXÙ}óKYf
KMaVagX�NEP�P | ÍKå�å |M|M| ]��7S u ÅgNEmÜ`;f�`;P
^�XG`;fhfhNEm©}Mf�ÅgN [ c ^ � c XGagNDX%NE` Ç Å5f%Ðn`lf�P KYX�N4f�KYÓMNEmÆKMPªKMm§�?i bd��� ]7ÅVKYXGKM]ofhNDXdf c?c ZgfhenZgf f c f�ÅgN�aV`ºPhe [ KAsMS u ÅgNEm
f�ÅgN Ò X7KMmVP�L§`lfhfhNDXdp�KYf�KOQ�N Ç `;PhfhNDX
`;PÔ^�XG`lfhfhNEm~}Cf�ÅgNjX�NEKMagsOÐn`;fÔ`;mÆf�ÅgN Ò XGKMmVPGL§`lfhfhNDX bdc mCfhX c [ Q.N Ç `;PhfhNDX
^.` [;[
Ð¯N�X�NEPhNDf�f c ¯DNDX c S Ò ÅgN?Ðn`;fd^R` [;[ Phf�KEs ¯DNDX c ZVmCf�` [ NEm c Z Ç ÅÕf�`;LONTÅnKMP4N [ KYenPhNEaÏf c fhXGKMmVP�L§`;fdf�ÅVNT]GÅVKYXGKM]ofhNDX
f c f�ÅgN.fhNDXGL§`;mVK [ P2f�ÅgNEmOf�ÅgN4XGNEKMags�Ðn`lf ^.` [;[ Ð¯N�PhNDfªÐFKM]�Ó�f cTc mgN.K Ç KM`ºm©S Ò ÅgN Ò XGKMmVP�L§`;fhfhNDX�p�KYf�K¥Q�N Ç `ºPhfhNDX
P�Å c Z [ a c m [ sµÐ NÜ^�XG`lfhfhNEm�^.ÅgNEmÑf�ÅgN�X�NEKMags¹Ðn`;f cMt f�ÅgN Ò X7KMmVP�L§`lfhfhNDX bdc m5fhX c [ Q�N Ç `;PhfhNDXO`;P c mgN&Pd` t f�ÅgN
fhXGKMmVPGL§`lfhfhNDXÜ`ºP�m5¨_f§X�NEKMaVs f�ÅgNEm ^�X7`lfhNEP§f c f�ÅgN Ò XGKMmVPGL§`lfhfhNDXÜp�KYf�KÌQ�N Ç `;P�fhNDX�KYX�Ny` Ç m c X�NEa }°f�ÅgNy^�XG`lfhN
KYeVe¯NEKYXGP4f c P�ZV]D]oNDNEa¸ÐFZgf
f�ÅgN¥]GÅnKYXGKM]ofhNDXR^R` [;[ m c f�Ð¯N c ZgfhenZgf��7S

� mOX�NEK [ ] c L§enZgfhNDXGPÔ`lf%f�KYÓMNEP�f�`ºLON4f c PhNEmna§]GÅVKYX7KM]ofhNDXGP c rMNDXÔf�ÅVN�PhNDXG`;K [V[ `;mgNEP f�ÅVKYf�] c mnmgNE]of�fhNDXGLÆ`;mVK [ P
f c ] c L§enZgfhNDXGPDS Ò ÅVNEPhN�f�`;LON [ K Ç P�KYX�NjP�`;LÄZ [ KYfhNEaOÐ�sÆikÂ � xÑSCÞ c XdNoÍkKMLOe [ NM}5K t fhNDXÔf�ÅVN.fhXGKMmVPGL§`lfhfhNDXÔP�f�KYX�f�P
fhXGKMmVPGL§`lfhf�`;m Ç K�]7ÅVKYXGKM]ofhNDXE}Yf�ÅgN�fhXGKMmVP�L§`;fhfhNDX�¨þP©X�NEKMagsjÐn`lf©^R` [;[ Ð¯NE] c LON"¯DNDX c.t°c X K4^RÅV` [ NMSWikÂ � x LONEKMP�ZVX�NEP
f�ÅV`;P�f�`;LON¥`;m¢`;mVPhfhXGZn]of�` c mVP
NoÍkNE]DZgfhNEa©}Fm c fR`;mÏX�NEK [ ] [ c ]�ÓÕf�`;LONMS Ò ÅV`ºP4LONEKMmVP�f�ÅnKYf.f�ÅgNTfhX7KMmVP�L§`lfhfhNDXR^.` [;[
m c fTÐ¯NE] c LONÆX�NEKMagsµK Ç KM`;m�ZnmCf�` [ f�ÅVN§eVX c ]oNEP�P c X¥ÅnKMPTNoÍkNE]DZgfhNEa�K¸]oNDXGf�KM`;m�m�ZVL�Ð NDX cMt `ºmVPhfhXGZV]of�` c mVPDS �(t
s c ZÕPhf c eÏf�ÅgN?L§KM]7ÅV`;mgN�KMmVa [ c�c ÓÆKYf
f�ÅgN�X�NEKMags§Ðn`;fÔZVP�`ºm Ç ikÂ � xÑ}k`lfÔ^R` [;[ m c f
]7ÅVKMm Ç NMS�Ö c ^dNDrMNDXE}n` t s c Z
[ NDf4f�ÅgN�L§KM]GÅV`ºmgN?XGZVmÏf�ÅgNEm¸f�ÅgN?Ðn`lf4^.` [;[ NDrMNEmCf�ZVK [º[ s�]7ÅVKMm Ç NTÐFKM]�ÓÕf c§c mgNMS
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